Cotton, one of the principal cash crops of India, contributes significantly to the country's economy and foreign exchange earnings. Approximately 60 million people depend on cotton production and related industries for their livelihoods. Although India has the largest cotton plantation area, in terms of yield, it is far behind. Even though cotton occupies only five percent of India's total cultivable land, approximately 50 percent of pesticides used in India are consumed by the cotton cultivation, causing environmental pollution and health hazard. The use of nitrogen-based fertilizers further increases the problem. Many social issues such as child labor, women labor, extremely small landholdings and unviable livelihoods are associated with cotton plantations. Recently, due to the norms set up by the textile importing countries, these issues have assumed great importance. This article, after giving a brief introduction to the cotton plantation sector in India, will deal with the environmental and social challenges of the cotton plantations.
highest concentration of cotton farming. 1 The cotton production is dominated by India and China, each with about 25 percent of the global share. The cotton production is central to economic growth for many developing countries. Not only does the cotton cultivation generate income for millions of farmers, but it is also a source of livelihood for millions more engaged in the entire textile value chain.
In addition to contributing greatly to the gross domestic product, it also facilitates foreign exchange earnings.
As per the International Cotton Advisory Committee (2012), cotton plantations can be found in over 100 countries. The productivity of cotton in terms of yield per hectare varies widely among these countries. Australia is the most productive (Bremen Cotton Exchange, 2014) . The USA, despite a high degree of mechanization, does not rank in the high yielding countries (Figure 1 ). India is a distant 36 th in terms of yield. However, the last three years saw an increase in productivity in India, made possible by the large-scale commercial cultivation of wide yielding hybrid varieties in long and extra-long staples. Even though the Indian yield increased threefold over that period, the outcome of 504 kg/ha is still way behind the yield of 1,008 kg/ha of the USA and the 1,761 kg/ha of China, not to speak of the Australian yield of 2,202 kg/ha. See Figure 1 (Index Mundi, 2018) . 
Cotton Plantations in India
Cotton plantations in India started in the Indus valley civilization (3300-1300BC) when cotton threads were extracted from the produce. Harappans were the first people to grow cotton for clothing, sheets, and towels. Since cotton has become an important part of the Indian economy. Beyond its economic value, it has also played social and moral roles. In the ancient days, only ideogram arboretum and herbaceum varieties of cotton were grown in different regions of the country. These cotton with a short staple length (below 19mm). This limitation was the reason for India, a major cotton exporter, to import higher quality cotton. Hybrids account for about 50 percent of the cotton area and 60 percent of the production in India.
In the financial year of 2016 to 2017, the cotton production increased again from 33.80 million bales to 35.10 million bales (See table 2). During that same year, both the cotton export and import fell from 6.9 to 5.0 million bales and 2.0 to 1.7 million bales, respectively (Cotton Advisory Board, 2016). As far as India is concerned, cotton still occupies a prime position within the textile industry, despite synthetic human-made fiber making inroads. Cotton has been in cultivation for over 5000 years and continues to be a traditional and important commercial cash crop. However, the cultivation of cotton poses more problems than other agricultural commodities. It is very dependent on the fertility of the soil, climatic situations, wide yielding varieties of seeds and rainfall. For this reason, Indian farmers are facing many problems in the cultivation of cotton, even today.
The major cotton-producing states in India are depicted in Annexure-I.
Maharashtra, Gujarat, Karnataka, Madhya Pradesh, Punjab, Rajasthan, Andhra Pradesh, Haryana, and Tamilnadu are the leading cotton-producing states. Furthermore, farmers seem to be switching to cotton growing, instead of sugarcane, pulses, etc., because of the comparatively higher prices. In India, the contribution of cotton to the total production in 2014 to 2015 was estimated at 40 percent, it is expected to grow to 55 percent (Mohansundaram, 2015) in the next cropping season.
Problems Faced by Cotton Planters
Cotton planters in India are facing many problems; the most important ones are enumerated below:
Cost of Production
The 'Minimum Support Price' offered to cotton farmers is far below the one required to optimally cover the ever-rising input costs. Although GM companies provide better technology, they sell expensive cottonseeds and fertilizers. For this reason, the farmers have to spend more leading to higher debts; in some cases, these unmanageable debts have even led farmers to commit suicide.
Decreasing Yield
Though the average yield increased from 2015 to 2017, it is now stagnating because the use of fertilizers and pesticide is increasing. This causes deterioration of the quality and the productivity of the soil. Furthermore, not only are the pests becoming increasingly resistant to chemical dosage, but new pests have also started to appear.
Poor irrigation facilities
More than 35 percent of the areas under cotton cultivation are rain-fed and have poor irrigation facilities. Thus, plantations are exposed to monsoon fluctuations, which are aggravating, year after year, due to climate change. Most of the farmers are unable to manage water resources effectively, a problem that is increasing with the depleting groundwater resources.
Inferior technology
Absence of modern technology in cultivation, as well as ginning, has affected the yield. Not only is the yield low, but if not taken proper care of, there is the risk of the cotton getting contaminated in the harvesting, marketing, and ginning stages.
Genetic purity erosion
Due to deterioration in the genetic purity of cotton varieties and hybrid seeds and inconsistencies in the admixtures of the cotton fiber, it becomes difficult to assess the quality of the cotton production. Nonetheless, importers focus heavily on quality consistency. Further, competition from artificial fibers with a lower cost of production and higher consistency has sprung up.
Unpredictable market prices
Fluctuating market prices for cotton and the inability to compete with the low prices on the global market, enabled by the important subsidies given to cotton farmers in Western countries, are affecting cotton planters adversely. Furthermore, it has proven difficult to develop a globally competitive cotton industry in India because of the average low quality of cotton that is being produced.
Non-mechanisation
Although mechanised picking has proved better than handpicking, since the latter can lead to contamination, cotton picking is still completely manual in India.
Few cotton varieties produced are amenable to mechanised plucking. Further, mechanized picking requires defoliation of the plant, but no appropriate defoliant is available in India. Meanwhile, the cost of picking cotton from the farm is increasing day by day.
Non-procurement
The Cotton Corporation of India acts as the government agency for the implementation of the Minimum Support Price operations, to help farmers to prevent distress sales and ensure a remunerative price and price stabilization. However, this corporation is not discharging its procurement duty, as such pushing cotton growers to distress.
Challenges
Cotton production and utilization, which are the two major economic activities, have major environmental and social impacts. The lives of approximately 60 million people, who are directly or indirectly connected with cotton cultivation and related industries in India, are influenced by environmental and social issues.
The next part will elaborate on several of these key environmental and social issues.
Environmental
Worldwide, the cotton plantation process involves the intensive use of One other instrument introduced by the government is the "All India vis-à-vis agro-chemical farming. Though the organic farm initially produces lower yields than the nonorganic, the research reveals that in successive years, the soil of organic farms gets richer in carbon and phosphorus.
Another concern in the cotton plantation is the use of fertilisers. In the beginning, a large amount of energy is needed for the production of fertilisers, 6 which results in the release of a huge volume of carbon dioxide into the air causing global warming and climate change. In addition to this, a large quantity of nitrogen oxide (NOX) is produced through the application of nitrates to agricultural land. NOX, produced in the cotton farms, is a greenhouse gas with a potential 300 times higher than carbon dioxide to increase global warming.
Another cause of concern is that the cotton processing plants and the ports from where the cotton is exported are located in far-flung areas from the farms. This calls for long hauls of cotton, and the transportation of cotton causes atmospheric pollution and health hazard.
Social
In India, the farming of cotton calls for adherence to the Minimum Wage Act 1948, the Plantation Labour Act 1951, the Bonded Labour System Act 1976, the Protection of Human Rights Act 1993, the Equal Remuneration Act 1976, the Child Labour Act 1986 (amended in 1999), and the Unorganised Labour and the Agricultural Workers (Welfare) Act, 2006. Also, the occupational health and safety of farmers are taken care of through the Plantation Labour Act, 1951 , the Insecticide Act, 1968 , and the Environmental Pollution Act, 1966 Growing cotton provides work, and work provides vital income for farmers.
Cotton growing does not only impact the farmer; it also influences society around the cultivation, the state, and the nation. These social impacts can be either positive or negative. The positive impacts of cotton production are the creation of jobs, the support of livelihoods, and the contribution to the economic growth of the nation.
In India, the 'social performance' of cotton plantations is described in terms of its role in creating jobs that result in income. This social performance, however, is in tension with the 'economic performance' that results from technological advances through mechanisation and transgenic seeds that cut the requirement for manual labor. Presently, there are two main forms of employment in this sector: hired labor on large farms and family labor on smallholdings. About employment, research findings in the field of "Social, Environmental and Economic Performance of Cotton" indicate that there will be a continuum from 'formality' to 'informality' in employment. Be that as it may, there is an increase in employment in cotton and related sectors.
India is no exception as the negative social impact of cotton plantations become more prominent, leading to an increase in suicides amongst farmers. In India, these farmers are mainly from the states of Andhra Pradesh and Punjab.
The states of Karnataka, Maharashtra, and Gujarat also face this problem, though in a much smaller degree (Rao, 2004) . These farmers often belong to the workforce age group and are dryland cultivators. It has been established that the main cause for these suicides is crop failure and heavy indebtedness, although social and psychological factors also contribute to such actions. Compared to the year 2010, cotton procurement prices have doubled, motivating a large number of farmers to enter the cotton cultivation, anticipating comparatively high profits.
However, the rise in the price of fertilisers, power, diesel, the rental value of land, the cost of labor, and interest rates; combined with a failure of chemical control, a popularisation of hybrids, and a depleting of groundwater, have increased cotton cultivation costs remarkably.
In parallel, the change from GATT to WTO affected cotton plantation on the social front. The changed trading scenario caused price uncertainty, which further increased due to trade liberalisation. These developments unnerved the cotton planters, as some of them shifted from cotton to other cash crops. The rise in cost induced by domestic liberalisation, a decline in absolute productivity, and a credit squeeze caused a crisis of which the cotton planters became the victims.
The situation was overcome through a new Indian policy framework that promoted liberalisation of tenancy laws, comprehensive insurance to cover price risk, an increase in research efforts, and the adoption of Integrated Pest Management measures by stepping up extension efforts and organic farming. 8
In India, cotton is often grown in small farms, employing the farmer and his family.
Recently, the Government of India, through the Ministry of Agriculture, announced a mission "Doubling of Farmers' Income" (DFI), which also includes the cotton farmers.
The DFI Mission is supposed to be achieved by India's 75th year of independence in 2022. In addition, there are other well-thought schemes for the social upliftment of farmers, these include crop insurance for mitigating losses (Pradhan Mantri Fasal Bima Yojana), soil improvement through the promotion of organic farming (Paramparagat Krishi Vikas Yojana), effective marketing through a unified national agricultural marketing platform (e-National Agricultural Market) and a GST rollout. These programs and plans will contribute to maximizing the gains from farming and improving the lives of cotton planters. As cotton planters often employ their children in farming, child labor remains a problem in cotton farms. This problem includes two types of child labor: underage seasonal workers hired for harvesting and forced child workers.
In some cases, children are forced to work in hazardous conditions, including the handling and application of pesticides and the use of unsafe machinery. The effect of pesticides on children is disproportionately high. Children absorb pesticides faster than adults; they have a lesser capability to detoxify and excrete toxic substances and thus, are at greater risk for chronic and long-term adverse health effects. Pesticides especially have a very harmful effect on the reproductive systems of pubescent girls.
Conclusion
Although India is the second top cotton producer of the world, with appropriate environmental and social laws, in terms of productivity, it is still far behind. Further, importers in developed countries have started asking for eco-labeling across the textile value chain. This requires a shift towards organic farming in the cotton plantation. Keeping in mind the definition of sustainability given by the ICAC in 2006, as 'the ability to produce cotton today without diminishing the ability of future generations to produce cotton'; one wonders how the cotton plantation in India can become sustainable without an efficient implementation of the provisions of law applicable to cotton plantation and a proper pricing of the produce.
